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Wc claim: 

1 . An electrical device which comprises 

( 1 ) a first laminar electnxle; 

(2) a second laminar electrode; and 

(3) a laminar resistive element which exhibits PTC behavior, and which has a first 
face to which the first electnxle is secured and an c^posite second face to which 
the second electrode is secured; 

the device comprising 

(a) a main portion which comprises 

(i) a main part of the first electrode* 

(ii) a main part of the second electrode, and 

(iii) a main part of the resisdve element; 
and 

(b) a first connection leg which extends away finmi the main pofttcm and whic^ 
conqirises 

(i) a first leg part of the first electrode which is integral witti the main pan 
of the first electrode, and 

(ii) a first leg part of the resistive elooent which is integral with the main 
part of die resisdve element 

2. A device accoiding to claim 1 in^h also contains 

(c) a second connection leg which extends away fiom the main portion, which is 
spaced away finom die first oxinection leg, and which comprises 
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(i) a second leg part of the second electrode which is integral with the main 
part of the second electrode, and 

(ii) a second leg part of the resistive element which is integral with the main 
part of the resistive element 

3. A device according to claim 2 wherein 

the main portion and the first and second connection legs are substantially cqplanan 

the first and second connection legs extend away from the main potion in substantially 
the same direction so that they can both be mounted on a planar substrate with the main 
portion of the device extending away from the substrate; 

the first connection leg comprises a first distal sub-portion spaced away from the main 
pOTticxi of the device and a first stand-off sub-portion which lies between the first distal 
sub-portion and die main portion, and 

the second connection legccMiqmses a second distal sub-pntim spaced away from the 
main portion of the device and a second stand-ofiF sub-pntiiHi which lies between the 
second distal sub-portion and the main portion, 

the distal and stand-off sub-portions being shiqied so that whm each of die distal sub- 
portions is placed in an aperture of an apprcq^iriaie size in the planar subsp^te, the stand- 
off sub-portions will not pass duough the apertures and will prevent contact between 
die substrate and she main portimi of the device. 

4. A device according to claim 3 wherein each of the first and second connection legs is 
wedge-shaped or includes a step which lies at the juncticxi betwem die distal and stand-off sub- 
portions. 

5. A device accOTding to claim 2 wherein 

the first connection leg contains a first leg part of the secmid electrode which is integral 
with the main part ci die second electrode; 



the second connection leg contains a second leg pan of the first electrode which is 
integral with the main part of the first electrode; 
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the first leg pan of the first electrode, the first leg part of the resistive element, and a 
first leg part of the second electrode are substantially coextensive; and 

a second leg pan of the first electrode, the second leg pan of the resistive element, and 
the second leg pan of the second electrode are substantially coextensive. 

6. A device according to claim 3 wherein 

the first stand-off sub-ponion comprises a first bridge sub-pcHtion which extends 
across the width of the first connection leg and which does not include any pan of the 
second electrode; 

and tiie second stand-off sub-portion conqirises a second bridge sub-portion which 
extends across die width of the second connection leg and does noi include any pan of 
the first electrode. 

7. A device acccxding to claim 6 wherein 

the first distal sub-porti(xi comprises a second residual conductive mmber which, in 
the absence of the first bridge sub-portion, would be integral with the main pan of the 
second electrode; 

the second distal sub-pcxtion conqnises a first residual craductive member which, in 
the absence of the second bridge sub-portion, would be inti^ral with die main pan of 
the first electrode; 

die^seoood residual ccxiductive member is separated fitmi die second elecliode by a 
distance if^ricA is at least as great as die ntininnim 
electrodes at any location cm the device; and 

die first residual conductive member is separated finom the first electrode by a distance 
wUcfa is at least as great as the minimum distance between the first and second 
electrodes at any location on the device. 

8 . A device according to claim 2 wherein the laminar resistive elonmt is composed of 
conductive polymer and each of the electrodes is a metal foiL 
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9. A device according to claim 8 which has a resistance at 23*C of less than SO ohm. 

10. A device acccnding to claim 1 wherein the laminar resistive element is composed of 
conductive polymer, each of the electrodes is a metal foil, and the first connection leg 
comprises 

(i) a first distal sub-portion which 

(a) is spaced away from the main portion of the device, 

(b) comprises a first distal sub-pan of the first leg pan of the first electrode, 
and 

(c) comprises a first electrical connects which contacts the first distal sub- 
pan of the first electrode and extends at least to the second face of the 
laminar resistive element; 

and 

(ii) a first bridge sub-ponion which 

(a) lies between the first distal sub-ponion and the main ponion of the 
device* 

(b) extends across the width of the first connection leg, and 

(c) does not include any pan of die second electrode; 

whereby the device can be placed flat on a planar insulating substrate having first and second 
appnqmately spaced-apan metal conductors on the surface thereof* wiA the first electrical 
connector against die first metal ccxiductor; and electrical connection can be made (a) between 
tfie first metal conductor and die first electrode* through the first electrical connector, and (b) 
between the second conductor and the second electrode. 

11. A device according to claim 10 wherein the first distal sub-pmtion comprises a second 
residual conductive member which is on the second face of the first leg pan of the resistive 
element and which, in the absence of the first bridge sub-poni<m* would be integral with the 
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main part of the second electrode, and the first electrical connector is a U-shaped member 
which extends around the end of the first leg portion and contacts the first electrode and the 
second residual conductive member. 

12. A device according to claim 10 which also contains 

a second connection leg which extends away from the main portion of the device; 
which is spaced apart from the first connection leg; which comprises 

(i) a second leg part of the second electrode which is integral with the main pan of 
the second electrode, and 

(ii) a second leg part of the resistive element which is integral with the main pan of 
the resistive elemmt; 

and which comprises 

(i) a second distal sub-portion which 

(a) is spaced qiart from the main porticm of the devioet 

(b) comprises a second distal sub-part of the second leg part of the second 
electrode, and 

(c) COTqmses a second electrical connector which contacts the second distal 
sub-part of the second electrode and extends at least to the first face of 
the lanmnar resistive element; 

and 

(ii) a second bridge sub-portion which 

(a) lies between the seccxid distal sub-pntion and the main portion of die 
device, 

(b) extends across the width of the second connection leg, and 

(c) does not include any pan of the first electrcxle; 
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whereby the device can be placed flat on a planar insulating substrate having first and second 
appropriately spaced apan metal conductors on the surface thereof* with either the first 
electrical connector or the second electrical connector against one of the metal conductms, and 
electrical connection can be made between (a) said electrical connector and metal conductor and 
(b) the other metal conducts and the electrode adjacent to the substrate. 

13. A device according to claim 12 wherein 

the first distal sub-portion comprises a second residual conductive member which is on 
the second face of the first leg part of the resistive element and which, in the absence of 
the first bridge sub*portion, would be integral with the main part of the second 
electrode, 

the second distal sub-portion comprises a first residual cmductive member which is on 
the first face of the second leg part of the resistive element and which, in the absence of 
the second bridge sub-portion, would be integral with the main part of the first 
electrode; 

the first electrical connector is a U-shaped member which extends around die end of the 
first leg porticxi and contacts the first electrode and die second residual craductive 
member; and 

die second electrical connectcx* is a U-shaped member whidi extrads around the end of 
the second leg portion and contacts die second electrode and die first residual 
conductive mecaber. 

14. A device aocQcding to claim 13 wherein die contacting surfiaoes of the-first electrical 
connector, the first electrode and die second residual conductive member axe such that these 
contacting surfiices can be soldered together by exposing them to heat; and die contacting 
suffices of die second dectrical connector, the second electnxfe and the fim 
conductive member are such that these contacting surfaces can be soldered together by 
exposing diem to heat 

15. A method of making an electrical device which comprises 



(1) a first laminar electrode; 
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(2) a second laminar electrode; and 

(3) a laminar resistive element which exhibits PTC behavior has a first face to 
which the first electrode is secured and an opposite second face to which the 
second electrode is secured; 

the device comprising 

(a) a main portion which comprises 

(i) a main part of the first electrode, 

(ii) a main part of the second electrode, and 

(iii) a main part of the resistive element; 

(b) a first connection leg which extends away tmn the main ixxrtion and which 
coniprises 

(i) a first leg part of the first electrode which is integral with the main pan 
of the first electrode, and 

(ii) a first leg part of the resistive element which is integral with die main 
part of the resistive element; and 

(c) a second connection leg which extends away from the main pcxtion, which is 
^aced away firom the first connection leg, and which comprises 

(i) a second leg part of the second electrode which is integral with the main 
part of the second electrode, and 

(ii) a second leg part of the resistive element which is integral widi the main 
part of the resistive element; 

which method conq>rises 



(A) 



providing a planar laminate which comprises 
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(1) a first laminar metal member, 

(2) a second laminar metal member, and; 

(3) a laminar resistive member which 

(i) lies between the first and second members, 

(ii) exhibits PTC behavior, and 

(iii) is composed of conductive polymer; 

and 

(B) cutting a plurality of said electrical devices from the planar laminate. j 
An electrical assembly which comprises 

(A) an insulating substrate having a first aperture dieiein; 

(B) a first metal conducts secured to the insulating substrate and leading to the first 
s^ierture; and 

(Q an electrical device which conoprises 

(1) a first laminar electrode; 

(2) a second laminar electrode; and 

(3) a laminar resistive elemmt which exhibits FTC behavicM- and which has 
a first face to which the Gist electrode is secured and an opposite second 
face to which die second electrode is secured; 

the device comprising 

(a) a main portion which ccxnprises 

(i) a main part of the first electrode. 
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(ii) a main pan of the second electrode, and 

(iii) a main pan of the resisdve element; 
and 

(b) a first connection leg 

which extends away from the main portion, 
which comprises 

(i) a first leg part of the first electrode which is integral with the 
main part of the first electrode, and 

(ii) a first leg part of the resistive element which is integral with the 
main part of the resistive element, and 

which has a first distal sub-portion spaced away finom the main portion 
of the device and a first stand-off sub-portion between die first distal 
sub-portion and the main poftion; 

the first distal sub-portion including a first distal sub-pait of the first electrode and lying 
within the first aperture of the substrate; 

the first stand-off sub-portion lying between the substrate and the main pcxtion of the 
device; 

the first metal conductor being physically and electrically connected to the first distal 
sub-part of the first electrode; and 

all of the electrical current betwea the first metal conductor and the second electrode of 
the device passing through the first electrode and the resistive element 

17. An assembly according to claim 16 wherein the insulating substrate has a second 
aperture therein; wherein a second metal conductor is secured to the insulating substrate and 
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leads to the seccmd aperture; and wherein the device also contains a second connection leg 
which 

(a) extends away from the main portion, 

(b) is spaced away from the first connection leg, 

(c) comprises 

(i) a second leg part of the second electrode which is integral with the main 
pan of the second electrode, and 

(ii) a second leg part of the resistive element which is integral with the main 
part of the resistive element, and 

(d) which has a second distal sub-portion spaced away from the main portion of the 
device and a second stand-off sub-portim between the second distal sub- 
portion and the main portion; 

the seccmd distal sub-portion including a second distal sub-part of the second electrode 
and lying witiiin the second aperture of the substrate; 

the second metal ccmductor being physically and electrically connected to the second 
distal sub-part of the second electrode; and 

■? 

all qf the electrical cunent between the second metal conductor and the first electrode of 
the device passing through the seccmd electrode and the resistive element 

18. An electrical assembly which comprises 

(A) a planar insulating substrate; 

(B) a first metal conductor secured to the insulating substrate; 

(Q a second metal conductor secured to the insulating substrate; and 
(P) an electrical device which comprises 
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( 1 ) a first metal foil electrode; 

(2) a second metal foil electrode; and 

(3) a laminar resistive element which exhibits PTC behavior, which is 
composed of conductive polymer, and which has a first face to which 
the first electrode is secured and an opposite second face to which the 
second electrode is secured; 

the device comprising 

(a) a main portion which comprises 

(i) a main part of the first electrode, 

(ii) a main part of the second electrode, and 

(iii) a main part of the resistive element; 
and 

(b) afirstconnecticHileg 

which extends away finom the main portion, 
which conqnises 

(i) a first leg part of the first electrode which is integral with the 
main pan of the first electrode, 

(ii) a first leg part of die resistive etanent which is integral with the 
main part of the resistive dement, 

(iii) a first distal sub-portion which 

is spaced away fit>m the main portion of the device. 
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comprises a first distal sub-part of the first leg part of the first 
electrode, and 

comprises a first electrical connector which ccmtacts the first 
distal sub-part of the first electrode and extends beyond the 
second face of the laminar resistive element; 

and 

(iv) a first bridge sub-portion which 

lies between the first distal sub-portion and the main portion of 
the device, 

extends across the width of the first connection leg, and 

does not include any part of the second elecnode; 

the device being placed generally parallel to the planar insulating substiaie with the second 
electrode being closer to the substrate duui the first electrode, the first electrical connector being 
connected to the first metal conductor, and the second conductor being connected to the second 
electrode. 

19. An assembly acconiing to claim 18 wherein the device also contains 

a second OMmectkMi leg ^/tuch extends away from die main portkm of the device; 
which is spaced apart fiom die first oxmection leg; which comprises 

(iy a second leg pan of die second electrode which is integral witfi die main part of 
the seoxid electrode, and 

(ii) a second 1^ pan of die resistive element whidi is integral with the main pan of 
the resistive demmt; 

and which comprises 



(i) 



a second distal sub-portion which 
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(a) is spaced apan from the main portion of the device, 

(b) comprises a second distal sub-part of the second leg part of the second 
electrode, and 

(c) comprises a second electrical conneaor which contacts the second distal 
sub-part of the second electrode and extends beyond the first face of the 
laminar resistive element; 

and 

(ii) a second bridge sub-portion which 

(a) lies between the second distal sub-portion and the main pwtion of the 
device, 

(b) extends across the width of the second connection leg, and 

(c) does not include any part ctf the first electrode; 

and wherein die second conductor is connected to die second electrode through the sera 
connector. 

20. An assembly according to claim 18 wherein there is a solder joint between each of 

(a) the first electrical connector and the first electrode, 

(b) die first electrical connector and the first metal coiyluctor, and^ ' 

(c) the second electrode and the seccmd metal axiductor, or between the second 
electrode and an intermediate connectxv which lies between die second electrode 
and the second metal conductor, and between the intermediate connector and the 
second metal conductor. 

21. An assembly which comprises 

( 1 ) a PTC resistive element which 
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(a) is composed of a resistive material which exhibits PTC behavior, 

(b) has a first face and a second face, and 

(c) defines an aperture which runs between the first and second faces; 

(2) a transverse conductive member which 

(a) lies within the aperture defined by the PTC element, 

(b) runs between the first and second faces of the PTC element, and 

(c) is secured to the PTC element; and 

(3) a first laminar comluctive member which (a) is secured to the first face of the PTC 
element and (b) is physically and electrically connected to die transverse conductive 
member. 

22. A circuit protection device which has a resistance of less dum 15 ohm and which 
comprises 

(1) a laminar PTC resistive dement whidi ^ 

(a) is composed of a conductive polymer which has a resistivity at 2S*C of less 
than SO ohnv-cm and which exhibits PTC behavior, and 

(b) has a first £eux and second face; 

(2) a first metal foil electrode which ccxitacts the first face ci the PTC element; 

(3) a second metal foil electrode which contacts the second fiice of the PTC element; 
and 

(4) an additional metal foil conductive member which contacts the secmd face of the 
PTC element and is spaced apart from the second electrode; 
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the PTC element, the first electrode and the additional conductive member defining an 
aperture which runs between the first electrode and the additional conductive member, 
through the PTC element; 

and 

(5) a transverse conductive member which 

(a) is composed of metal, 

(b) lies within the aperture, and 

(c) is physically and electrically connected to the first electrode and the additional 
conductive member. 

An electrical assembly which comprises 

(A) a printed circuit board including first and second conductive traces on a surface 
thereof, and 

(B) an electrical device which comprises 

(1) a laminar PTC resistive element which 

(a) is composed of a resistive material which exhibits PTC behavior, and 
G>) has a first face and a second face; 

(2) a first laminar electrode which is secured to the first face of the PTC element; 

(3) a second laminar electrode which is secured to the second face of the PTC 
elenoent; 

(4) an additional laminar conductive member which (a) is secured to the second 
face of the PTC element and (b) is spaced apart from the second electrode; 
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the PTC element, the first electrode and the additional laminar conductive member 
defining an £4)erture which runs between the first electrode and the additional 
ccmductive member, through the PTC element; and 

A method of making an electrical device which comprises 

(A) providing an assembly which comprises 

(1) a laminar PTC resistive element which (i) is composed of a resistive material 
exhibiting PTC behaviw, and (ii) has a first face and a second face, 

(2) a first laminar conductive member which is secured to the first face of the 
PTC element, and 

(3) a second laminar conductive member which is secured to the second face of 
thePTCelemmt; 

(B) making a plurality of apertures through the tiiickness of the assembly provided in 
step (A), die q>eitures being arranged in a regular pattern; 

(Q simultaneously with step (B), or after step (B), placing a plundi^ of transverse 
ccHiductive members within the apertures, in electrical contact widi the first laminar 
conductive member; 

(D) removing predetermined portions of at least one of the first and second conductive 
members;and 

(E) after steps (A) to (D), dividing the assembly into a plurality of electrical devices, 
each device conqmsing 

(1) a part of the PTC resistive element, 

(2) a part of the first laminar conductive member, said part providing a first 
electrode in some of the devices and a seccxid electrode in the other devices, 

(3) a part of the seccxid laminar conductive member, said part providing a second 
electrode in some of the devices and a first electrode in die other devices. 
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(4) a residual pait of the second laminar conductive member, and 

(5) at least one transverse conductive member which electrically connects the 
residual part and the first electrode. 

An assembly which comprises 

(1) a laminar PTC resistive element which (i) is composed of a conductive polymer 
exhibiting PTC behavior, and (ii) has a first face and a second face, 

(2) a first laminar conductive member which is secured to the first face of the PTC 
element, and 

(3) a second laminar conductive member which is secured to the second face of the 
PTC element; 



the PTC element and the first and second laminar conductive members defining a plurality 
of apertures which pass through the thickness of the assembly, and the apertures being 
arranged in a regular pattern. 



